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SUMMARY

An e~erimental investigation to determine the external and
internal flow chamcteristics of a typical ram-~et-inlet configuration
of EUIexternal-compression type utilizing an isentropic spike and a
subsonio diffuser was conducted in the NACA Lewis 8- by 6-foot super-
sonic wind tumnel. The model was investi~ted over a range of mass-

● flow ratios at emgles of attqck up to 10°, free-stream Mach numbers of
1.59, 1.79, and 1.99, and a Remolds nuntberof approximately 2.4 x 106
based on inlet diameter.

●

Comparison of the results at zero angle of attack with various
theories shows that the skin-friction and additive-drag components
were predicted at all mass-flow mtiqs and extrapoktion of the e~eri -
rental pressure-bag cuzwes showed close agreement with the ‘theoretical
tiue predicted at a mass-flow ratio of unity. The variation,of the
lift- and pitching:moment coefficients with aqgle of attack were pre-
dicted reasonably well at the critical mm-flow ratios; however} the

—

incremental drag due to angle of attack,was considerably underestimated.

The experimental.fivesti~ticm showed that the &g coefficient
decreased with increasing ~ss-f low ratio, increased with free-stream
l&ch number at a given nass-flow mtios and decreased with increasing
free-stma,m Wch nuriberat critical mass-flow ratios. These trends
were largely due to the veriation of the additive drag component with
mass-fluw ratio and free-stream Mach number.

Longitudinal pressure distributions measured over the external
surface of the model at various mass-flow ratios and several angles
of attack show that the most severe effects of these variables on
the pressure distributions extend a~oximately 1.5 diameters down-.
stream of the cowl lip.

Shock oscillation occurred at the two higher Mch numbers and
increased in severity with angle of attack and free-stream Mach nunber.
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hternal sad external aerodynamic characteristicsof a series of
supersonic inlets operating without heat additi~ were investigated -
in the NAC.ALewis 8- by 6-foot supersonic wind tunnel.

The data presented herein were obtained from the investigation
of an all-external, isentropio-compression-t~e inlet operating over
a range of mass-flow ratios, at angles of attack from 0° to 10°} Mach
numbers 1.59, 1.79, and 1.99, and an avemge Reynolds number of
2.4 x 106 ~sed on inlet diameter.

The purposes of this investigationwere: (1) to experimentally
determine the pressure, force, and moment
inlet configuration,and (2) to correlate
theory where possible.
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SYMBOIS

characteristics of a typical

these results with existing

The folMw5ng symbols are used

drag ooeffichnt, D/~Sm

in this repcrt:

skin-friction drag coefficient based on wetted area

lift coefficient, L/q&

pitchhg-moment ~oefflcientabout base of model, G/@m2

P-P()
pressure coefficient, —

%
dxag I

diameter at area of maximum cross section, 0.677 foot

pitching moment about base of model

lift

length of’model, 4.96 feet

Mach nuder

=ss flow

.
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N1

z
u-l

total pressure

static pressure

yPM2/2

cross-sectionalarea

inlet capture area defined by

maximum cross-sectional area,

velocity

velocity in boundary layer

cylindrical coordinates

distance from model surface

angle of attack

ratio of specific heats, 1.40

boundary-layer thiclmess

Subscripts:

a, additive

f friction

2 local

P pressure

o free stream

1 cowl lip

2 station at x = 7.558 inches

3 combustion-chamber inlet
.

5 minimum area at plug

cowl Mp, 0.1920 square

0.3801 square foot

foot

.’
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APPARATUS AND PmmmlRE

A photograph OX’the pressure model 1s shown M rigure 1. The
force model was geometric@ly identical to the pressure model except
that the pressure-tube conduits and the boundary-layer rake were
removed. Aft of station 7.875 (fig. 2(a)), the model and the apperatus
used in this tiesti.~tion were identical to the equipment reported in
reference 1. The spike (fig. 2(c)) was designed to produce an infinite
nudber of irlfinitesim31compression waves and was so placed that the,
point of coalescence of the compression waves would occur ahead of the
cowl lip at &oh nuniber1.8. (See reference 2.) The cowl (fig. 2(b))
had a blunt, subso&.c leading edge as shown in detail A in figure 2.
Coordinates for the model sxo presented in table I.

The axial variation of geometric area ratio was calculated in the
manner described in reference 1 @ is shown in figure 3. The reduo-
tion In area ratio from x/D = O to 0.375 wee associated with the design
condition of subsonic flow entering the inlet end the constant-area region
frcxn x~ = 0.375 to 0.500 was included to permit stabilization of the
boundary leyer before the beginning ti subsonic compression. Reference
stations throughout the model ad other terms are defined in figure 4. . &

The instrmnentation of both force and pressure models wae iden-
tical to that of reference 1, except that the total-pressure*es at

=
1!

the leading edge of the struts were omitted. The locations of the
various pressure tubes are given in table 11.

Both models were Lnvesti@ted at Mch numbers of 1.59, 1.79, and

1.99, angles of attack from 0° to 10°, and over a range of mass-flow
ratioEI. The Reynolds nmber based on inlet diameter (0.495 ft) varied

from 2.3 X106 to 2.5 x 106.

One of the basic parameters for the analysis of the data is con-
sidered to be the mass-flow ratio. The mass-flow ratio is defined.
as the ratio of the air entering the engine to the air in a free-stream
ttie having a diameter equal to the cowl diameter of 5.912 inches.

..-

Oalculation of the mass flow through the engine was lased on
choking at the exit plug at the geometric exit area and the total pres-
sure measured in the conibustionchamber. A correction factor of 0.98,
based on subsequent calibration of the cliffuserand on the mass flow
calculated by the method of referenoe 3; was then applied to theIdata.

@mmm!c& ‘“
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RESULTS AND DISCUSSIOIi

llkternal-l?luwCharacteristics

Zero emgle of attack. - The variation of the
mss -flow ratio is presented in figure 5 for

drag coefficient
three Mach n~ers

~a zero angle of attack. The &ag coefficient was defined to include
all the forces parallel to the fli~t direction acting on the external
body surface and on the outermost entertig streamline. As figure 5
shows, the drag coefficient increased rapidly at all ~ch numbers as
the mass-flow ratio decreased, and at a given mms-f low rat~o the &mg
coefficient increased with Mch number. The drag at critical mass
flow, howeber, decreased with increasing mch number. ~is decrease
is shown more clearly in figure 6 by the variation of minimmn drag
coefficient with I&oh nuri%m. = order to provide an understanding
of the vs@ations noted in the total drag, tie variations of the com-
ponents of pressure, skin friction, and additive &ags are separately
Zudyzed.

The variation of the pressure-drag coefficient with nmss-flow
ratio for three Mach nuuibersand zero angle OY attack is ~esented h
fi~e 7. The pressure-drag coefficient was obtained by graphical
integmtion of measured static pressures uver the external portion

. of the body. Theoretical values for a mass-flow ratio of 1 were
determined from thecmetical pressure distributive obtained by the
method of references 4 and 5, with the assqtion that the &mall
region of transonic flow about the O.016-inch radius of the cowl lip
had a negli@ble effect on the rembing fluw field. Extrapolation
of the experimental curves to a mass-flow ratio of unity indicates
good agreement between experiment &d theory.

The e~erimental pressure-drag coefficients increased with free-
stieam Kch number at a given mass-flow ratio and decreased with
decrea@ng mass-flow ratio, all having attained a ne~tive value at
mass-flow ratios less them 0.65. The negative pressure drag resulted
from regions of high acceleration about the inlet, the extent and
the ma~tude of which are shown b figure 8 where the axial pressure
distributions for a range of mss -flow ratios and three Mach numbers
are presented. Figure 8 shows that the low pressures ycduced by
the high acceleration efiended approximately 1.5 diameter~ downstream
of the lip. The decrease in the pressure coefficbnts between dia-
meter ratios x/d of 4 and 5 resulted from the change in slope of the
external surface, whereas’the decrease at x/d = 2 and 3.25 f’orfree-

. stream Mach nmbers of 1.79 and 1.99, respectively, were due to weak
tunnel disturbances. Also plotted in figure 8 -e the theoretical
pressure distributions calculated for mass-flow ratios of 1.0. These

k
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the limiting value of the pressure.loading as the
approached unity. Additional pressure-distribution

dRta are presented tu tables ~ to VI.

The variation of skin-friotion drag coefficient with mass-flow
ratio is presented in figure 9. The friction drag was compu%ed by
the method of reference 6 based on the change in momentun in the
boundary layer corrected for the loss across the inlet shock. 8ample .
calculations showed that, for high mass-flow ratios, exclusim of the
effect of the pressure gradient over the forward portion of the model
surfaoe inoreased the momentum decrement by aa amount corresponding
to approximately 1.5 percent of the friction-drag coefficient. In
view of this small quantity, no pressure-gradient correotians were
applied to the data.

As shown in figure 9~ the skin-friction drag coefficient was
essentially independent of mass-flow ratio and decreased only slightly
between Mach numbers 1.59 and 1.79. TM measured friction-drag coef-
ficients =e compared in figure 10 with values caloulated by the method
of reference 7. The good agreement indicates that two-dimensional
theory predicts the frlotion drag on this model.

Representative boundary-layer profiles are plotted in figure 11.
For a given free-etream Mach number, the’decrease In
as the mass-flow ratio decreased corresponded to the
aoross the bow Wavet as discussed in referenue 6.

The boundary kyer was asmlmed to extend to the
the curves of figure U. in the vicinity of y = 0.6.
data In the assumed bouudary layer to the more usual
in figure 12, shows that the profiles follow closely
law. v

The variation of additiivedrag coefficient with

100al Mach number
izmreased losses

points m+rked on
Reduoing the
form, as presented
the l/7th power

mss -flow ratio
is presented in figure 13. The ad~itive kg was calculated as the
momentum ohange from free-stream conditions to station 7.558 (flow
Staticms o to 2). The theoretical curves were obtained from the one -
dimensional analysis presented in reference 8, modified at Mach
ntiber 1.59 to account for supersonic additive drag. The theoretical
calculations welw based on a 20° ccxiioalspike instead of the actual
curvature of the spike. As flgure 13 shows, the additive drag rapidly
increased with decreasing mass-flow ratio and increased with free-stream
Maoh number for a fixed mass-flow ratto. Except in the region of shock
oscillation, the agreement with the theoretical curve 1s reasonable.

.

.

.
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A comparison of the sum of the drag components determined from
the pressure data with the measured total drag from the balance is
presented in figure 14 and shows excellent agreement in all but the
shock-oscillation region. The components of drag show that the inoreeae
in drag with decreasing mass-flow ratio is largely caused by the
increaae in additive drag. Also, most of the increese in drag with Maoh
nwnber for a constent mass-flow ratio can be attributed to an increase
in additive drag.

Angle of attack. - The variation of total-drag coefficient with
mass-flow ratio for various angles of attick and for three Mach
numbers is shown in figure 15. For a given free-stream Mach number
and mss-fluw ratio, the drag coefficient increased with angle of
attaok. This trend was largely due to an increase in the drag com-
ponent of the normal force, inasmuch as calculations not included b
this report show that the afial force coeffigient was approximately
constant and thus contributed little to the change In drag coefficient
with angle of attack. Shock oscillation increased h severity with
angle of at~ck and Mach nuniberand apparently caused a decrease in
dreg coefficfent; however, because of the unreliability of the data
(particularlythe mass flow) in this region, no conclusions are
warranted.

The lift and pitching-moment coefficients were deftied to include
onljythe effects of the etiernal flow over the body and were calcu-
lated %y subtracting the internal forces and moments from the measured
data. The lift-and pitching-moment coefficients are presented in ,fig-
ures 16 and 17~ respectively} as function9 of mass-flow ratio.

An additive lift and thus also.an additive pitching moment are
present when there is spillage over the cowl at angles of attack.
These components are due to deflecticm of the entering streamlines in
the region between the inlet-shook configuration end the 00W1 lip.

I The additive effects ere included in both coefficients, inasmuch as
it was Impossible to determine them with the extsting instrumentation.
The measured pitching-moment coefficient was reduced by assuming that
the turning of the internal flow from the free-stream direction to
the angle of attack of the body occurred at the cowl lip, thus deter-
_ tie locatim of the normal force produced by the internal flow.
Although this assumption is not strictly true, it is probably within
the accuracy of the measurements. Both lift and pitching moment tended
to decrease slightly with decreasing =ss-flow ratio a% all -es of.
attack. This decrease is due to the change in mass flow spilled over
the engine because only the external flow contributed to either
coefficient.
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As with other data, shock oscillation at timss produced erratic vari-
ations In both lift and pitching moment and no conclusions were drawn from
the data in these regions. The center of pressure locations, as shown i
in figure 18, were quite erratic in the oscillation regions, but generally ‘~
were located approximately 4.5 to 5 dbmeters ahead of the base.”

The variation of the aerodynamic characteristicswith angle of
attack at critioal nmss flow is presented in figure 19; also presented
for a mass-flow ratio of 1.OO is the theoretical variation of lift,
increment of drag, and pitching moment with angle of attack, as calcu-
lated by the method of reference 9, modified for an open-nose body and
assuming no end effects. Theory reasonably well predicted the Mft
and pitohing moment variation but appreciably underestimated the
increment of drag due to angle of attack.

A typical variation of pressure distribution over the top and bottom
surfaces of the mdel is shown in figure 20 for the four angles of attack
at oritical conditions. The inoreased pressure coefficient over the
bottom surfaoe of the body due to’angle of attaok extends over the length
of the body; however, oross-flow separation over the top surface starting
at x/D = 1.5 to 2.0 is indioated because the pressure coefficient is
approximately zero and independent of singleof attack.

.
The dip in the

curves between x/D = 4 and 5 resulted from the change in slope of the body.
=essure coefficients for other operating conditions exe presented in
tables 111 to VI.

.

Representative sohlderm photographs shown in figure 21 illustrate
the change h sho+c configuration withtigle of attack for the three
hi%chnumbers at critical mass-flow ratios.

..-
The bow nve at radii

greater than the cowl lip shows little ohange In curvature or orien-
tation with respect to the free streamas the angle of attack is varied.
The shock configuration on the cone sad at radii less than the cowl
radius is appreciably changed and regions of separation on the upper
pert of the cone surface are apparent. -

Oscillation of the norml shock ahead of the cowl occurred at
Mach nunibersof 1.79 and 1.99 in the suboritioal regime, as shown in
the sohlleren high-speed mtion picture films of figure 22. At zero
angle of attaok and a umss-flow ratio of approximately 0.42 (fig. 22(a)),
one type of oscilhtiaa is shown. Some of the frames in the sequence
shown have been deleted. The act=l cycles consisted of a movement of
the normal shock to the tip, as shown in frames 1 to 4, three short
pulses of the t~e shuwn in frames 4 to 8, and a return of the shock
to its original position (frames 9 to 23). The frequency of this cycle
has been estimated at 50 oscillations per second. At an angle of
attack of 3° and
at approximately

a lower nass-ftiratio, a single pulse oscillating
230 cycles per second was observed (fig. 22(’b)). No
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frames have been omitted from this sequence. Both figures 22(a) and
22(b) show that separation occurred at the spike and increased ti nE%g-
nitude as the bow wave progressively nmved foruard of the cowl lip.
The oscil.lattondata =e not considered numerically reliable, but were
presented as dashed lines in tie figures to show some of the quali&-
tive effects of shock oscillation. The occurrence of shock oscLU&tion
differ~ In the two models. For example, at zero angle of attack and
Mach numbers 1.79 end 1.99, shock ~cillat ion occurred in the pressure
model but not in the force-mdel. Slight dtiferenoes
end test conditions may account for this phenomenon.

~ternal-Flow Characteristics

in instrumentation

Zero aqqle of attack. - !lbevariation of total-pressure recovery
and combustion-chaniber~ch number with mass-flow ratio is shown in
figure 23. The measured total presswe P3 wa8 corrected to conform
with the static pressure measured in the colilmsticnchaniberand the
mass flow. The combustion-chamberMach number presented.was calcu-
lated assuming isentropic eqsi.on from the annukm area of the com-
bustion cheaiberto the cross-sectionalarea ‘ofthe combustion chmiber
with the sting removed. The total-pressurerecovery was approximately
constant with nass-flow ratio in the subcritical range at Mach num-
ber 1.59, but decreased slightly for the higher l&ch numbers due to
shock oscillation.

The peak recovery was somewhat lower than that obtained in refer-
ence 2, because the spike location of this Net was not optiti~e”dfor
mximum pressure recovery but was compromised to obtain low drag and
reasonably high pressure recovery.

A breakdown of the measured total-pressure losses tito inlet and
subsonic-diffuserlosses is presented in figure 24 as a functicm of
mass-flow ratio- The almost constant pressure recovery in the sub-
critical regime may be attributed to the fact that as the mass flow
was decreased, the supersonic losses ~o$2bo increased at approxi-
mately the same rate that the subsonic losses ‘2, 3~0 decr=sed.
At critical mass flow, the subsonic losses accounted for approxi-
=tely 5 percent of the available total pressure for all .Mch numbers.

The performance of the subsonic diffuser is presented in flg-
ure 25 in terms of total-, static-, and dynamic-pressure parameters.
The total-pressure recovery for the subsonic diffueer P3/P2 was

approxi~td.y independent of ~ch nwiber in the stable portion of the
subcritical regime; however, the total-pressure loss e~e.ssed in

.
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the dynamic pressure AP/q2 increased with free-stream Mch _

This increase Is believed to restiltfrom differences in inlet
boundary-layer conditions (reference 10). Subsequent subsonic-
diffuser studies indicate that approximately 4 percent of the total 3
available pressure was lost due to the support struts. 6

The I&wh-number profiles, as determined by the combustion-
ohauber rake> are shown in figure 26,.atsix circumferential stations.
As the mass flow decreased the profiles measured by the four side
rakes approached the profiles determined by the top and bottom rakes,
indicating that the wake effects of the support struts decreased with
decreasing mass-flow ratio.

Angle of attack. - The total-pressurerecovery and the combusticm-
chamber Mach number were independent of angle of attackup to @
(fig. 27) at~ch number 1.59. At an angle of attack of 100 and a

Mach number of 1.59, the pressure recovery was reduced approximately
1 percent and no effect was noted in the combustion-chamberMach number.
At Mach numbers 1.79 and 1.99 and moderate angles of attack, however,
shock ~cillation was encountered and a severe reduotion in total-pressure
recovery resulted. Angles of attack up to and including 6° reduced the

.

maximum amoun$ of mass flow available to the diffuser by the reduction
in inlet area (that is, by the cosine of the angle of attack). Atan
angle of attackof 10°, however, a reduction in mass flow larger than
that due to the reduuticm in projected inlet area was attained, prob-
ably due to choking in the upper quadrant, as mentioned in reference 1.

The Internal=pressuredistz%bution curves presented in figure 28
show that the pressure coefficient over the bottom surface of the
diffuser was approxi=tely independent of angle of attack up to and
including 6°, but a pronounced variation is noted at an angle of attack

of 10° simiK to the tendency previously noted in the mass-flow ratio.
The distribution over the top surface shows that the tendency to choke
in the region of the struts (x/tl= 1.35) increasd with increasing
aagle of attack. As shown in figure 29, the total pressure, in general,
was higher over the top half of the combustion-chamberinlet than over
the bottom half. Measurements obtained with wall orifices located on
the bottom of the spike (r/r3 = 0.38] were nearly the same as the

static-pressuremeasurements made near the.center of the flow channel.
As the static pressure was nearly constant at this survey station, the
trends of the total-pressure curves are an tndica~ion of the relative
amowts of mass flow per unit area at various parts of the survey.
This criterion also iiuiicateda greater mass
of the combustion-chmiber inlet than through

flow through the *OP half
the bottom.

.
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SUMMARY OF RESU?X!S
.

Zhe etiernal- and internal-flow characteristics of an isentiopic
spike all-external coqmession inlet were investigated in the NACA
Lewis 8- by 6-foot supersonic wind tunnel. The investigation was con-
ducted through a range of ~ss-flow ratios and angles of’attack at
Mach nmibers of 1.59, 1.7”9,and 1.99 and at an average Reynolds nmiber

of 2.4 x 106 lx%sedon inlet diameter. From this investigation the
following results were obtained: -

1. The total-drag coefficient of the inlet rapidly increased
with decreasing mass-flow ratio, increased with free-stream Mach nmber
at a given mss -flow ratio, and decreased with increasing free-sta%am
Mach nuniberat critical mass-flow ratio, largely due to the contribu-
tion of the additive drag coefficient.

2. Extrapolation of the e~erimenkl pressure-drag coefficient
to.the condition of no mass-flow spillage indicated close a~eement
with the value determined hy linearized ~otential theory at zero angle
of attack..

.

3. The sldn-friction drag showed good agreement with the theoret-
ical value obtained from von @rmAn’s turbulent boundary-layer theory
ass-g two-dimensio~l compressible flow.

4. The additive drag was reasonably well predicted from ane-
dirnensionalflow considerations.

5. Lift and pitching moment slightly decreased with decreased
mass flow at all.angles of attack. The lift and pitching-moment coef-
ficients at critical mss-flow titio were predicted reasonably well;
however, the increment of drag due to angle of attack was considerably
Underestimated. Calculations show that the experimentalJ-ydetermined
axial-force coefficient was inde~endent of angle of attack.

6. Mms-flaw ratio markedly affected the pressure distrtl?ution
over the external cawl surface for the first 1.5 diameters rbwnstrem

of the cowl lip. Cross-flow sepa=tion due to angle of attack was
experienced over the retimra p6rtion of the top surface cf the body.

7. ~creasm angle of at-ck and Mach nwnber increased the
severity of the shock oscillations with the apparent increases in
total-pressure losses.

.

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.
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TABLE I

TABIX OF COORDINATl!SFOR 8-INOH RAM-JEI’CONFIGURATION

(a) Center-body coordinates

station Diameter
(in.)

-1.750 1.275
-1.500 1.474
-1.250 1.687
-1.000 1.902
- .750 2.137
- .500 2.410
- .250 2● 715
0 3.005
.250 3.285
.500 3.533
.750 3.750

1.000 3.910
1.500 4.130
2.000 4.250
3.000 4..390
4.000 4.470
5.000 4.530
6.000 4.565
7.000’ 4.590
7.750 4.600
7.875 4.606
10.000 4.585
12.000 4.545
14.000 4.486
16.000 .4.415
18.000 4.327
20.000 4.220
22.000 4.084
24.000 3.922
26.000 3.715
30.031 3.340

(b) Outer-shell coordinates

Statton Diameter
(in.)

External titernal

0.050 .5.992 5.875
.100 6.040 5.876
● 150 6.080 5.884
● 200 6.113 5.899
.250 6.140 5.9X5
● 375 6.198 5.960
● 500 6.245 6.000

1.000 6.389 6.139
1.500 . 6.496 6.246
2.000 6.564 6.314
2.500 6.610 6.360
3.000 ‘ 6.648 6.398
9.875 6..998 ‘ 6.748
14.000 .7.210 6.960
22.000 7 ● 616 7.366
30.000 8.024 7.774
32.000 8.125 7.875
56.000 8.125 7.875

r

.,
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TABLE II

LOCATION OF STATIC-IRESSURE OFHXICES FOR

NACA RM E50J26a

ERESSURX MODEL

(a) Location of static tubes (b) Looation of static
along shell contour. tubes (e=O”).

station

Externala

0.50 “
1:00
1.50
2.00
2.50
3.00
4.00
5*OO
6.00
7.00
8.00
9.00

10.00

XL*OO
12.00
14.00
16.00
18.00
21.00
24.00
27.00
31.00
35.00
40.00
45.00

Internal

(e=oo)

0.50
100a
1.50
2.00
2.50
3.00
4.00
5.00
6.00
7.00
8.00
9.00

%wo rows of orifices at

station I
Spike

-1.50
-1.00
-o●50
0
0.50
1.00
1.50
2.00
2.50
3.00
4.00
5*OO
6.00
7.00

—

.

N

ii

Island

8.#
9.00

10.00
11.oo
12●OO
14.00
16.00
18.00
21● 00 .
24.00
27.00
31.00 .
37.00



* I

z
tiol

9+

33
.1.0
.0.6
0
0.5
1.0
1.6
a.o
%5
a.o
4.0
6.0
8.0
7.0
0.0
9.0
10.0
U.o
m.o
L4.o
16.0
L&o
11.0
14.0
17.o
n.o
!6.0
W.o
10.0
~

it 4-
*
w
G
L4.o
Ia.o.

TAOM III - ==SL A60 IIITE?OIALFRE9SDW C~IO16BIS OF UWA @.-I65iRAM- C06FIO06ATIM

~ mm AN_S C@ AT?ACK AT ~S7REtM MACE 6UMBER w 1.OU
.-

Onbe Shal

wed Inter

w 6700 e

O.ms ::~ 1.04
-.ola .s4!
-ma -Jxil .A7’
-.oaa -.M5 .6U
-.07s -A-n .77,
-.666 -.m .781
-.049 - W6a .611
-.CW4 :-.c46 .s3
-ma -.067 .44
-ma -.Cal .4W
-.CW -.W9 J?&
-.a34 -.om .fw
‘.0A6 -.016
-.Cal - .W4
-.m -.M
-cm -.004
-.OW - .CQa
-.004 -.W
-ma -.M6
-mm -.ca
-mm -Ala
-.ola -.M6
-.044 -.m

-.Wa
-.OM -.m 1
::%
l.loa
l.mo
.am
.74s
.T16
.7C6

:%
.6W
.Slr

:%
.860
.4!m
.b14
.am
.6s0
.6S6
.Wa
.ma

1.044
l.laa
1.195
l.aaa

1.S68

t

-0.ooa -0.060
-.cea -.036
-.M6 :Jt3J
-.m
-.101 -.llm
-.oaA -.101
-.cwl -.W1
-.066 -.mo
-.W6 .,oaa
-.CW -.W9
-am -.U47
-.061 -.W1
-.0%2 -.oal
-,016 -.o15
-.Ols -.OI.6
-.011 -.m
-.co.l ..ola
-..$03 -.cda
-.om -.6M
-.666 -.ol.a
-.011 -.M6
-.OI.6 -.m9
-.04s -o@

&

1 .ss2
1 .s19
1.1s4
l.lw
1.164
1.lM
1.144
1.lCO
l.laz
I.lm
1.19E
1.8(X

cube 6bll, atezmal I rkltlarshell, ezta

!d Lm

tier
~r

P

1.W
1.164
l.laa
1.164
1.la4
1.670
l.oal
1.114

::wo
l.lw
1.148
1,168
1.100
l.laa
laaw
l.lm
lam
1.s6s
l.aal
1.W4
1,s66
1.4U7
1.446
1.474
1.440

l.ola

[b) Cl

zr-

19E$ aw 6S40 ?Jr lW 616° ma W@’

0.069 0.m O.ml 0.066 -::& -y; -0.044 -O,(W
-.OI.6 -.OM -.OM -.004
-.cel

-.M6 -.006
-.cel -.oal .ua -S43a - Sml -.0s6 .016

[tu6iael 6isbrAbu.tioo of (L.

outer shell

=2

.0.149
-.144
- .lsl
- .laa
-,16-4
-.I.M
-.CG5
-.070
-.m4
-.CU4
-ma
-.c06
-.IM
-.mo
-.OM
-.ola
-.caa
-.036
-.cao
-.006
-ml
-.cua
-.046

- .m
*

tie-

Onte

m

moo @

0.1s7 l.m
-.160 1.W
- .lal 1.44
-.lU 1.6s
-.laa l.aa
-.14Y3 l.aa
..100 l.aL
-.070 1 .al
-.064 l.aa
-.W6 1.66
-.m6 1.64
-.oao 1.04
-X%6
-ml
-.uia
-ma
-X0.6
-.ola
- .as
-.016
- .~6
-.oao
-.MO

%ber r outer 9hbll Oenkr
baoy

@t.3? shall
ba6y

Ixternal lnte Rternal Mm

~o lWP a7cF @ 00 lad 6T@ CF’

1.166 1.146
1.a17 l.mo
l.aaa l.ala
1.?S4 l.saa
1.s60 -o.a47 -Owl 1.4W 1.666 -0.m -0.6s6 i.wa
law -.a14 -.m 1.466 1.67s -.a70 --- l.alll
l.a?a -.la4 -.laa 1.U7 1.4m -.aal :S& y&o
l.aao -.171 -.laa 1.46a 1.416 -.s06
1.3cn -.167 -.I.66 1.4s5 1.4a33 -.14s -,144 l:aoa
l.alo -.160 -.loa 1.4ad 1.4m -.174 -.177 1.60s
l.ala -.lla -.116 1.49s 1.469 -.laa
1Al?

-A&5 lam
-.LW -.(ma 1.4ss 1.4SS -.1W3 -.la3 1.60S

1.W4 -.039 -.070 1.46S 1.424! -ma -mm 1.6W
1.6S3 -.066 -.656 1.441 1,441 -.~6 -.065 l.aul
1.646 -.C47 -.C46 1.446 1.447 -.060 -.mo 1,.X4
1.6W -.046 -.W6 1.44B 1.449 -.040 -. MO, I.hla
1.646 -.m4 - .W 1.449 -.ces -ma
1.866 -.M6 -.=7 1.464 -,0s4 -.mo
l,lwa -ml -.m6 1.461 - .0s4 -.CW
l.aaa -.(U7 -.o17 1.404 -.oao -.ola
1.46a -.o14 - .C@o 1.4s0 -.cua -.m
1,440 -.tna -.017 1.606 -.ola -.ola
1 ,47a -.ola - .mo l.mo -.ola -.G30
1 .46a -SDX1 - .Ola 1.664 -.CW -.M6
1.617 -.ola -.ola p: -.U6 -.OU
lam -.ln7 -.m -.ola -S6!0

-.047 -.041 -.040 -.040
1.m9 1.066

-.CW -ma
-ma -.f.el -.o17 - .mo

lml Cd’ 0-.

%nter
bdy

P

1.a40
1 all
l.llaa
1.8s4
1.446
1.468
1.466
1.494
1.6W
law
l.ocm
1.6LW
1.604
l.aul
l.alo
1.QO
l.ola
l.ala
1.617
l.om
l.oaa
1.66s
1.047
1.066
l.aal
1.044

1.6.67

..
JJ-

ml outer itmll, dm.mll mttc?Sbeu, =t4nul

la60 ala” ma 8=0 ~wo 616°
~40 8W0 1900 616° ma 86$?0

.0.149 -0.144 -0.laa -0.147 .0.947 -o.a4a -o.aaa -0.FA6 -0.6s7 -o.a19 -0.ml -03
-ma -.mla -.oal -Ala -ma -ml -.Om -.617 -.W4 -.oaa
-.W6

-.m -me
-ml -.wa - .W1 -.m4 -.0s6 -.Qa4 - .W7 -.064 -.oal -.0s4 - .Oaa



U III - EX1- AIM II~AL FR2290R2 COEH~S OF BACA 2-111022AM-X43!24J6F160RATIOE

RM FM)U A6CIL2209 ATTACK lT F22s-91Tc4&IB4m 2U412WlW 1.59 - CcmtAnmd

ats-
tlm a : s’+ U& . 0.719

u
& : S“j i13/mo: 0.617

I
a = 3°; ~~ = 0.661

i
a . 3°; ~~ = o.412

1
ci.3%q&=o.2E21 I

I●tarbody

(a) Cmtlnaod. kn@t.uU.mJ dimtrlbution of ~. .

I Outs shrll :enk II out- shell banter Cuter shell Ont.r shell Outer hellinter

~r

n=
G
1.2CS3
l.m
1.197
1.170
l.lm
1.164
1.191
1.2M
1.224
1.231
1.242
1.H
1.s74
1.227
1.893
1.295
lam
1.620
1.s53
L.8ea
1.411
1 .dde
1.477
1.001
1.S13

mnt.r
body

T
cm
1,280
1.s12
1.s10
1.661
1.W6
1.s64
1.662
1.397
1.4rxl
1.407
1.41.6
1.420
1.42E
1.464
1.441
1.443
1.447
1.454
1.469
1.4e4
1.407
1.6M
1.E479
1.042
1.549

1.307

i%tenul

e+ M@ :

-1.6
-1.0
-0.5
0
0.6 -0,0’70
1.0 -.1OA
1.5 -.1U7
2.0 : m:
es
3.0 -.120
4.0 -.101
6.0 -.WI.
6.0 -.S6
7.0 -.032
8.0 -.046
9.0 -.m

10.0 -.024
11.o -.m6
12.o -.o11
14.0 -,2Q9
16.0 -.m
12.o -.Cod
2A.O -.UX
24.0 -.M6
ma ~;g
31.o
35.0 -,C44
S7.O
40.0 - .G4!l

bn6y

II External h..] ‘“’ h== 2xtamal IntOr-

ml

---&-

iltm-
&

00

ml
w lEXY 27W w C@

0.642 1.M6
1.CX2 1.164
1.119 1.196
1.* 1.130
..%53 -0.149 -0.cc-t 1.177 l.ceu
.633 -.162 -.C69 1 .14s .Dad
.640 -.151 -.C67 l,lm l.ols
,643 -,151 -.ms 1.109 1.M7
.700 -.164 -,m 1.104 l.cml
.6.w -.146 -.037 1.100 1.CX33
.566 - .U!3 -.W70 1.072 1.044
.510 - .1(A? -.03E 1.119 1.11s
.444 -.076 -.fn6 1.1s2 1.16e
.s41 - .W9 -.@% 1.160 1.166
.2s6 -.044 -ml 1.17s l.len
.218 -.CSQ -.C6?6 1.126 1.124
.4’25 -.m -.CQ8 1.16-2
J6a -.019 -.W4 1.209
.E19 -.015 -.024 1.236
.666 -.011 -.019 l.E96
.W3 -.010 -.W1 1.31.9
.967 -.006.:-.020 1 .3K2

-.C06 - .a41 1.4G?
l:n -.026 -.OM 1.44s
lam -.o11 -ml 1.478
1.24A -.016 -.U?6 1.490

-.244 -.046
1.975 1-.613

-.U26

1
00

1.M6
1.3s7
1.357
1.696
1.4s8
1.461
1.4m
1.491
1.427
1.429
1.5m
Imsw
1,6W
1.612
1.317
1.619
1,6i?0
1 .64?2
1,626
1.56s
1.S56
1,342
1.330
1.66a
1.643
1.6d7

x—

0.037
-.o14
-.203
-.CE.4
-.261
-.264
-.065
-.246
-,040
-.M6
-Son
-.ola
-.C$!I
-.02C
-lxx
-.CU5
-.ola
-.m7
-ml
-.017
-.!XC
-cm
-.OM

-.027

q

16P

0..619
-.2s
-.234
..233
-.222
-.!410
-.184
-.131
-.lW,
-.U31
-.06s
-.0s6
-.040

::%!1
-.016
-.m6
-.ooa
-m,
-am
-.0).6
-.018
-.047

‘1
au -::;$

-.127 -.lW
-.172 -.lle
-,179 -.la3
-.ll%s -.1Q3
-.141 -.2436
-.10s -.032
-.* -.WC
-.ti6 -.044
-.Q32 -.cOd
-,046 -.G44
-.0’5S -.CS2
-.CH -me
-.106 -,c@7
-.012 -.021
-,012. -.m3
-.@Y? -.Cal
-.OW -.04?4
-.&w -.G20
- .On? -.m
~:&6 -.U?6

-.048

o.Qm
.2da
.811
.743
.737
.Zll
.59B
..6QC
.43U
.417
$x7
.244

1.Wi
1.261
1 .2M
1.241
1 .A6e
1.=4
1.8W
1.242
1 .2s4
1.27:
1.2S7
1.6W

0.23s 1.4X
-.204 1.41!
-.178 1.41E
-..1’?721.4a
-.16P, 1.4W
-.141 1.4m
- .1V7 1.40+
-.mz 1.412
-.a9 1.41f
-.CSJ 1.434
-.049 1.43t
-.M3 1.441
-.241
-.036
-Jx4
-.a?8
-.Cm
-.U2S

mug -0.645
-.2a3

-.s15 - .Q42
-.W44 - .22?
-.267 - .lM
- J?44 -.176
-.196 -.164
-.163 -.104
-.12J -.OW
-.0$-7 -.U7C
-.077 -.(M2
- .CW -ml
-.047 -.047
-.U33 -,04!2
-.025 -.030
-.0L9 -.061
-.o14 -.031
-.o1o -cm
-.mo
-.mo

-.029
-.242:

-.o14 -Jm6
- .Ola - .m9
-.0A7 -.045

1.624
1.501
1.5CM
I.Sol
l,sm
1..%0
1 .m
1.50!
l.m
1.314
1.61!
1.51[

-.m6
-.ces
-.ms
-.CQ8
-.640

I 1.361 1.670

S!Ls!3 1 -.o141 -.a3sl
&

(b) Fmtinuod. CimWererit

Sta- I outershell, axtmnA3 II Cmter sbelA, txtmmml II outer ahel

XL!321_ &— .—
,1 dla ibuticm& C

e%tmm=l I Guter hell. Oxtelrnal II out- shell, Oxternd I

e- lm , 816° 2S40 2@J 1480 Zl@ ?J40 ~~o 19s0 216° 2340 M20 [ 1S90 m30 W40 26S0 I 1920

0.5 -O,ml -0.CW -o.o14 O.ol? .CA141 -o.11~ -o.~ .0.034 .O.2M -o.~m -o.156 .0J52 -o.~~~ -o.~6 -0.26’/.0.234 .o.i~
14.0 - ,Ols -.020 -.CSQ -.o14 -.016 -.ms -ml -.o19
43.0

-.016
-ml -.u?l -.035 -.o16

-.m -.!X3 -.Q?A -.CXS? -.02!3 -.060 -.U?? -.024
.021 -.a?l -.md -.m2 -.cel -ml -.m .Om -.m - .CEa -.CQ6 .M5 -.022

--?xim, ...,,, . .



1 .9

2U3!J cd

TH III - EXTERNAL AUD IliTEFOIfi~ COEFFICIIEllTS (W MACA S-IUCE RAM-JET COUFIOURATIOU

FOR FoUR AMflLM OF ATTACK AT FREB-SIREAH MACE EDMP.EE OF 1.59 - Contlnuad

H7i=
outer shell

Ex erna ter-

0+ law a700 00

-1.6
-1.0
-o*6

(.) Continued. i3mgAtudlml dtitributlm nf &

Outer shell centerenter n alterebnll ‘ Oenter

body

II ~tim I

body
mtOF-

7%
Rtm71a J.ntar-

lW 270° @

body

i
Moo ~~

-0.269 -0.055
-.269 -.076
-.s40 -.066
-.wl -.oa4
-.aaa -.oaa
-.214 -.M?J
-.174 -k070
-.14a -.OM
-.112 -.06a
-ma -.05!?
-.066 -.056
-.045 -.057
-.05a -.061
-.oal -.060
-*019 -.oal
-.010 -.039
-.W7 -.064
-.006 -.06a
-.006 -*05a
-.WA -.044
-*OIR -.046
-.016 -.060
-.046 -*m

@
1.fm4
1.S25
1.564
1.s64
1.6a8
1.411
1.4S4
1.449
1.4m
1.466
1.471
1.47a
1.464
1.440
1.496
1. am
lam
1.607
Lma
1.61.6
1.EQ6
l.ml
1.641
1*6E4I
1.566
l,m

00

0.764
l.oaa
1.1?8
1.096
.a41
.541
.m
.666
.67S

o
0.6
1.0
1.6
8.0
f!.s
S.o
4.0
6.0
6.0
7.0
8.0
9.0

10.0
11.0
l!a.o
14.0
16.0
18.0
21.0
24.0
27.0
81.0
55.0
87.0
40.0
46.0

-o.lS4
-.199
-.I.66
-.1s1
-.lw
-.lm
-m?
-.154
-.091
-.OM
-.044
-.0Z8
-.(B!6
-.018
-.o1o
-.ms
-,005
-.ooa
-.005
-.00s
-.o11
-.014
-.01’?

O.OE%

-:%
-.046
-.064
-.OQ
-.oEa
-.065
-.06s
-.044
-.046
-.047
-.066
-.ooa
-.054
..oiw
-owl
-.047
-.049
-.049
-.045
-.040
-.U70

-.064

0.8M
.764
●m
.13a4
.’m
.64?
.6M
.51e
.46A

:Z
.ax

‘----1‘-”-1‘-”-‘-- ‘----
1.140 l.oaa -.297 -.1E7 1.6M i:941
1*IJ34 1.06s ::;;; -.16a l.slo 1.270
1.M6 1.101 -.U.9 1.311 1.E95

1.164 1.1=

‘---- 1 ‘--

-am -.096 1.5U3 l.%:
1.16J 1.160 -.164 -.076 1.5a9 l.zm
1.17a 1.171 -.127 -.070 1.341 1.541

6M
lia17 1.217

1

-.067 -;066 1.55a l.ma
l.aaa l.ma -●061 -.066 1.675 1.W7

l.azw -.055 -.W l.wa
1.244 -ma -.06s 1.=7

.670

.577

.506

.446

.54a

.aa6

.Z6S

.406

.57a

.ao9

.589

.m6

.9S6
1.061
1.1s7
1.195
lass

I.ml 1.115 II-.a641 -.109I 1.6181 h

1.1981 1.la4 H -.09s1 -.065 I 1.s661 l.;

I
i.a66

1

-.016 -“AW

I

1.ma
1.607 -.ola -.055 1.4al
1.* -.000 ..060 la441

I 1.376 -.m6

1

-.C06 ..066

I
1.46?

L7 ..055 1.@3
-.007 -.046 1.607

1.41,
1.466
1.46s II
1.4aa ‘ --?5!51 I i:%

I II-.0461 -.&n I I
1.666l.ma

I
1.61a 1.644

-.mo -.oao
-.OI.6 -.054 -.ONI -.064

(b) Continued. Oimumferentl.al dimtrihtim of ~.

2EL4!LI-.019
-.OM

Bta- I Outer~$ external I C9ter mhell, external II altercbelL& outer abdl, external
.tlon
e+ M@ ale aw 86@ 1980 al.@ . a640 W@ Iwo al@ a~o a5@

0.6 -0.17!A -0.164 -0.07s -0.o1o -o.a6a -o,aa5 -o.17a -o.las -0.647 -o.6as -&am 4.X57
14.0 -.016 -.030 -.0X3 -.oAa -.om -.06.Y -.044 -.056 -.oal -.056 -.04a -.oa
45.0 -Alas -.oaa -.064 -ml -.036 -.oaa ..066 -.W6 -.096 -.ma ..066 -.004 -.oa4] -*IMM I -.0661 -.m4



TH III -21mmEAL AEEDmT2EEEAL m222U22 c0BFHC12WS OF HAOA 2-=CE4 RAM-JET CC3’FIGU2MIOS

FOR FU02 A201.W OF ATTACK U F222-2TBEAM MACil~ W 1.59 - C.maltiti

I (a) COnolnde& Icmf

Oatlw shell Cewler outer *U
bady

Iate$- IntntP-

nal

w lefY W@ d @ M@ 27* 00

-1.5 0.904
.1.0 1.MM
-0.5 1.166
0 1.036
0.5 -0.273 0.13s 0.762 .764 -0.360 -o.ml 1.066
1.0 -.291 .019 .644 .424 -.342 -.036 l.m
1.5 -.260 .m4 .m4 .32e -.326 ..025 1.C2C
8.0 -.aw -.036 .430 ‘ .372 -.s0 ..oe4 1.024
a.5 ..a70 -.043 .432 , .357 -.306 -.oga l.m
S.o -.26a -.052 .46B ‘ .ml ‘ -.291 -.074 l.lm
4.0 -.231 -.059 .s3 .690 -.mA -.067 1.11s
6.C -.166 -.060 .6aa .627 -.187 -.m 1.14c
6.0 -.046 -.om .444 .440 -.I.26 -.077 1’.163
7.0 -.C66 -.076 .416 .340 .-.075 -.062 1.I.69
e.o -.045 -.lml .227 .am i -.050 4 -.OKl l.alc
9.C -.033 -.061 .5J.4 -.036 ~:y; 1.221
10.0 -.mc -.103 :% -.Cal
11.0 -.010 -.102

i
.3E4 -.ola ..114

Ia.o -:% . -.l16 ~ .als -.m5 -.M3
14.0 -.la7 .m -.008 -.133
l&o .mo -.136 .830
18.0 ,.col -,187

-*W1 -.141
.924 .003 -.145

al.o .001 -.119 1.&37 .ow -.12s
a4.o .Ocl ,-.lol 1.L24 .292 -.103
a7.o -.W5 -.106 l.les -.006 -.106
31.0 -.007 -.103 1.221 -cm -.1C5
a6.o -.042 ..IA3 -.049 -.laa
37.0 ~1.a64
40.0 -.C13 -.OM
45.0 ..013 -.103 -.ols -.103

kdinal diatrititiou of CP. I
Eat W? oute3 LhOll
body

Iaar-

@ w 2* (P

1.06’7
L.215
1.2s6
1.124
1.004 -0.324 -o.ua 1.I.87
.906 -.373 -.107 1.19f
.967 -.367 -.cel 1.20(

1.025 -.336 -.026 1.204
1.074 ..336 -.om 1.2M
1.0E14 -.319 -.097 l.als
1.117 -.276 -.= 1.231
1.14a -.222 -.cel 1.S4E
1.163 -.163 ●.m7 L.a63
1.180 -.1o1 -ma 1.a7i
l.zll -.oa -.096 ‘ 1.26A
l.aaa -.04s -.L04 1.264
1.226 -.027 -.117
1.X8 -.016 -.120 !
1.267 -.CC6 -.126
1.s00 -.CM5 -.1%9
1.336 -.003 .-.146
1.366 .W2 -.162
1.406 .mo -.132
1.446 a:: ~
1.473 .:ti
1.491 , -.012 -.106

-.051 -.123
1.610

u..o17
-.017 -.103

(b) Com.lwkd. Clrowferentlal distribution of

ml
Do ~ ~(ja --p @

1.154 1.649
1.236 1.303
l.mo ::=
1.I.26
1.U6 -0.447 -o*ml 1.367 1.306
1.067 -.424 -.alo 1.324 1.310
l.lls -.404 -.166 1.390 1.641
1.139 -.676 . -.166 1.WO 1.366
l.les -.$72. -.132 1.za16 1.527
1.- -.W -.120 1.400 1.396
l.ml -.307 -.100 1.4LM 1.UC
1.249 -.263 -,09? 1.416 1.4ao
1.263 -.193 -.lm 1.4a6 1.4a0
1.a7s -.124 -.102 1.433 1.433
1.264 -.077 -.107 1.464 1.437
1.226 -.C32 -.116 1.434 1.436
1.264 -.o’dl -.I.27 1.4s3
1.291 -.o&B ~ -.1* : 1.436
1.307 -.039 -.141 1.443
1.s40 -.005 : -.MO ‘ 1.459
l.sn -.00s -.lm 1.474
1.396 .Co2 -.1s4 1.M
l.m -ml -.1s0 , 1.604
1.463 -.aJ1 ‘ -.107 1.520
1.466 -.o11 -.106 1.630
1.496 : -.ola -.104 1.533

-.wil -.124
1.m .l.5W

-.ola
-.018 -.103

‘. I
a-- I 0ut4r &u, a.ztlw ii titer 8h011, O.rtelnlnl II outer Shell, extm.nal U Outer shall, extimal I
t-[ 1 u

9+ 19S0 21@ 2540 2* 19@ Cl& 2340 amo lm 21L# a24° 232’3 r Mao E@ 2340 2*0

0.6 ‘-y-&. -C%2J. -o.l*m4,y, & -0.331 -0.30!3 -o.azu -0.147 ~. ~ -0.336 -0.279 ]-0.am
14.0

~ -0.437 -0.407 -0.364 -0.319
-.crao -.om -.097 -.147 -.OEU -.09s -.166

43.0 -.036 -.030 -.052 -.019
-.ca3 -.003 -.lCU -.167

-.036 -.osl -.C33 -.0!= -.033 -.odl ..CE4 -.oal -.033 -.033. -.063 -.mc

.

●

✎✌✌ ✌✌
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TAFiAlIV - KXTBHH4L MD mT~4L PBB6SORB COBFFICWH!!S OF HAOA 9-I140HRA9-JET CC6iFIOOEATIW

FOR PXM 41iOLB OF AZTAOK A? ~-8= XACH ~ W 1.79

-=%==”

sta-
tion a - O’%m~mo . o.wo u a . 00; i&mo z 0.774” 1 a . O’J;* x o.e70 a .&’; &mo . 0,C4.4

1 . . so; +mo = 0.794

—
hter 611411

E??tamll IDtOF
ml

e+ 1800 a70° f+

-1.5
-1.0
-0.6
0
0.5 0.A60
1.0 ,004
1.5 .OS1
e.o -.om
e.s -.om
S.o -ml
4.0 -.030
5.0 -.om
6.0 -.mo
7.0 -.om
8.0 -.o11
9.0 -.om
10.0 .004
11.0 .M?
18.o .aa
14.0 -.OM
la.o -.o16
18.0 .Ooe
al.o .al
S4.0 .W9
a7.o .0x3
al.o .(XL3
aa.o -Sao
57.0
40.0 -.o1o
46.o -.o1o

[.) Lmgitudinal dlmributi.m of ~.

:enter
body

outer *11

Fc&lkm2- !altar I outer nhnll

+

FWernsl In&r-

!?700 00

II RtOlmal IMF- I I axtmmd hntor-
11

Ta70” o“

1
Oe

0.740
1.*
1.67s
1.640
1,s60
1.644
l.mo
1.407
1.46A
1.466
1.464
1.444
l,41m
1.460
1.470
1.47a
1.478
1.4eo
1.444
1.o17
1.s69
1.5m
1,607
1,616
l.ma
1.84s

1,660

L
Oo ,a70°

0,U?6
.04s
mm

-.OM
-.um
-.066
-.0s4
-.odo
-.W6
-.mo
-.090
-.034
-.ooe
o
-.om
-mm
-oO16

-.ln4

- .Om

-.o1o
-ala
-.004
-.oaa

-.Qe
~

~

1
Oo

0.51X
.879
l.u?a
l.lm
l.om
.719
.na
,7* r
.641
.een
.7m
.bwe
.54U
.478
.aea
.664
.646
.4r?7
.660

l:E
I!lln
1.alo
lam
1.64a
l,ma

~oo

O.ltw
.W3
.OM

-.m
-.mo
-.C84
-.C@+?
-.cml
-OC4M
-me
-.M4
-.ooa

:E

-:E
-.OM
.m
.010
.Om
.ml

-:%

-.o11
-,om

00

o.4m
.514

1 .am
1 ,lW
l.ma
.940
.060

l.om
1.WO
1.039
!..oaa
l.om
1.D06
1 .la4
1.160
1.16S
1,103
1.176
1.9A6
1.444
1.6E3
1.396
1.456
1.601
l,me
l.edo

1.606

,b) O

.00 leoo

o.4sa
l.laa
lam
1.m6
1.m7 -0.om
1.10-9 -.DB4
l.eos -.070
lam -.U73
1.E+70 -.U70
1.478 -.076
1.I?70 -.m4
l.ma -.M6
1A49 -.ot6
1.616 -.m
l.m.a -ma
1.4s6 -.019
1.6a4 -,003
1.=6 .Om
1.m7 0
1.41S -.016
1.460 -.C$36
1.440
l.oel

.m

.CoA
1.664
1,s86 -:&%
1.697 -.m

-mm
1,6B9

-.ola
-.ola

0.460
.6C4
1.16s
1,160
1 .0s4

:%
.eall
.-0
Am
.746
.68S
.aal
.4m
.s44
.am
.46a
.490
.s46
.m

l%
1.lES
1.m9
::&&

1.499

O.lsl
,C45
.a34

-.tas
-.Ln7
-cm
-.ca5
-.mo
-.m
-.0N3
-.o14
-.m
-.LW9
.Om
.Cal

-:%!,
-.CC6

.:E

:!%
-.L-m

O.lDA 1.447
-.m 1.470
-,078 1.469
-ma 1.450
-.034 1.44s
-.md 1.444
-.c.se 1.440
-.056 .1.444
-.041 1.460
-.031 1.460
-.m 1.4ee
-.OI.6 1.47a
-,01.6
-ma
-.ooe
-em
-.014
-.o11
-.Om
-.LW
Awl

-X%

1.19s
1.076
1.LWQ
.mE
.917
.ma
.76C
.667
.Sea
.663
.46C
,aac

O.om 1.244
.om 1.174
.011 l.lat

-.Da4 l,W1
-.063 1.076
-.041 1.C6C
-am 1.MC
-am 1.C57
-ma l.mE
-.CQO 1.199
-.0L6 1,169
-.011 l.l&i
-mm
.001
,011

-%%
-.024

-:E
.m

-:E

0.010 -0.0C44 1.ml
-.o17 -.oz-l 1.64:
-.CQO -JX27 l,mi
-.om -.mdl l.aa
-.oal -.006 1,aw
-.063 -.060 l.ml
-.046 -.W!2 1 .m[
-.041 -.044 1 .em
-.m6 -.caa l.ms
-,020 -.om 1 .Sli
-.W1 -.ms lam
-.ol? -.ca4 1.567
-am -ma
.Ooe -.om

.LWI
-:&% o
-ma -ma
.Om -.m
,@m -.CC4

-.mt
-:Z
-.om -:%
-,IX44 -.G36

0.033
-.CW
-.041
-.064
-.mo
-.&e
-,U?4
-.(ma
---
-.c4a
-ma
-,o19
-.wl
-ma
-.o11
- .C440
- ,OM
mm
.Om

-:=
-ml
-,om

L.mo
.476
.eal
,eao
An?
.aal
.7U
.6S7
.Se4
.Om
.446
.696

1.464

z&l- X&&l__ 2EL- -.ola ,
=—

1lInfaMIltiddistrlbutlm Or ~.

Ootar shell, extm

m u u

lWO Palo a64Q ~ae 1s30 ~~o ~o ~o 1.WO ale” E340 mao leaQ fU6° 9640 SMO

0,104 0.104 0.1= 0.095 0.o1o 0.ola 0.m6 0.006
-,037 -.om -.006 .ma

-o.Df14-0.091 -0.cm -o,m4 o,@37 0.04$3 o,m4 O.-
-.ola -Oou -.009 - .U31

-.ola -.ooa
- .0A6 -.016

-ml -.lnl
-.M6 -,cm -.oal

-.o14 -.M8 -.0A6 -,.ola
-.llaa -.0A7 -.ole

-.o14 -.olu -.coa -.0A4 -.014 -.o16 -.o17 -.mo

1-
a



TA2L2 IV . 2xF2mlALAm ImE2EAL E/2S2U22 c03FFIC12HTS OF UAOA 2-1302 2AH-.T2T CODFIGORATI02

F02 FOUR A30+.4M OF ATTA02 AT ~-ST22AM UOH 20XE2R OF 1.79 - Oantinmml

I

T
e

-1.5
-1.0
-0.5
0
0.5 -O@:
1.0
1.5 -.o56
2.0 -.07s
2.5 -.@7
S.o -.090
4.0 -.07A

1
6:0 -.066
60 -.0E4
7.0 -.044
8.0 -.035
9.0 -.021

10.0 -.ocm
11.o -.wm
12.o -.oli?
14.0 -.lxll
1’%0 -.017
12.o .006
21.0 .LVJ2
24.0 .025
27.0 -.W2
31.o -ml
S6.0 -.02s
5.7.0
40.0 -.al.l
46.0 -.009

27@

O.m
.Ce6
.012

-.023

-.0543
-.M1

-.039
-.033

-.026
-.024
-.020

-.0041
-.010
-.oo1
-.OIM
-.009
-.015
-.014
-.OLXI
-.010
-.006
-.023
-.02s

-.017
-.019

.
ltar.

c
J@_

1.174

L.120
L.1OI
L.(Y75
1.072
L.067
1.064
l.~t
L.m
L.ld!
1.194
L.aoE

(a) Contlmwd. LoI@tudM distribution of ~.

enter outer till cater outer mull

body

-t-l mltiF-

r@ I.@
Owl
.E96

1.2E@
1.179
1.06J -0.143
.m4 -.134
.9s3 -.120
.066 -.120

1.032 -.126
1.04’7 -.181
1.066 -.104
1.066 -.0s0
1.1.16 -.m
1.157 -.064
1.126 -.041
1.21X -.026
1.2oa -.o14
1.227 -.017
1.259 -.019
1.325 -.C??7
1.576 -:%
1.U6
1.46a
10609 :H
1.545 -.005
1.526 -.OCM

-.025
1. eJa

-.o14
-.o11

(

6ta- i outer uIM1. extirnal I out

Dal nal

27@ @ @ w I %@ P

0.666
1.325

.0.0s3 1.406
-.060 1.365
-.om 1.378
-.069 1.3e3
-.om 1.s67
-.070 1.s47
-.060 1.364
-oo61 1.360
-.056 1.396
..039 1.41.3
-.025 1.4=.
-.o19 1.437
-.019
-.012
-.012
-.016
-.022
-.017
-.014
-●014
-.007
-.006
-.032

SL_d
) ) Continued.

@
:.;~:

.
1.3a6
1.346
1.337
1.31s
1.s62
1.395
1.42S
1.429
1.42a
1.434 ‘
1.461
1.475
1.426
1.497
1.500
1.606
1.519
1.559
1.556
1.572
1.W1
1.dlo
1. 6a7
1.6-37

1.656

—
or ‘%*

-0.08B
-.110
-.113
-.128
-.133
-.129
..113
-.096
-.~6
..066
..024
-.026
-.023
-.021
-.m
-.02s
.KM
.-
*ti
.Cm7
.ml
.002

..cas

-.C96
*

0.156
●US
.057

-.C03
.,019
-.M1
..052
-.052
-.031
-.027
-.024
-.084
-.027
-.024
..052
..040
-.046
-.045
-.034
::~6

-.oa6
-.065

0.986
.857
.76a
.726
.842
.849
.742
.Wf
.SW
.664
.431
.4%

-L..042-.043

i

enter
body

1
w

0.577
.’701

l.m
1.129
.969
.t2?6
.627

:=
.s27
.726
.652
.329
.466
.400
.404
.649
.530
.2s0
.960

l.lxl
1,159
1.24s
1.?i17
1.372
1.40A

1.461

! Aell, e%te.ln41 II Outer shell. extayml II outershell. external I

.. , .
ccl-)7 ‘



2035

ta-
lon

—

1+
C6
‘1.0
$ s

0.5
1.0
1.5
8.0
2.5
S.O
4.0
S.O
6.0
7.0
8.0
9.0
,0.0
1.0
,2.0
,4.0
&o
,8.0
U.o
!4.0
17,0
U.o
m.o
1?.0
,0.0
,5.0
—

mm Iv - KXYK611AL Am mT3RMAL FRM30RE 0433FFICIXETS OF IIAOA 6-RKX F!AH-JE!!COWIWRATIOU

FOR FOUR AI!oLM OF ATTACK AT FFOZ3-3TREAX WOE HUMIER OF 1.79- Conoluded

outer dual Oenter outershell canter Outer akll
body body I

External Inter- Ertmmnl In*er- Extemal Inter-
nal

1000 ati 00
Oo 1600 27(P 00 d lar a’n$’ @

0.5’76 0.676
.C86

I.wa 1:%3
1.157 l.k?ol

.0.117 O.lm l.om 1.001 -0.146 0.Ow 1.1’76 1.07’7 -omlw 0.172 0.87E
-.lm .041 l.om .7W ..147 .Olb 1.167 .948 -.m4 .074 .7dl
-.1E6 .064 l.om .866 -.140 .006 l.ldl 1.009 -.194 .044 .663
-.1s? -.013 1.019 .9$33 -.14Q -.0!$6 1.160 1.074 -.196 .001 .m3
-.159 -.025 1.031 .998 -.147 -.034 1.157 1.130 -.196 -.o11 .471
-.133 -.055 1.035 1.015 -.143 -.041 l.loa 1.147 -.lm -.OM .F@3
-.lao -.037 1.044 1.035 -.1s5 -.041 1.172 1.lWI -.16s -.050 .741
-.lM -.0S6 1.074 1.07a -.106 -ml 1.196 1.196 -.147 -.o36 .m4
-.076 -.036 1.11o l.lda -.096 -.036 1.%=X5 1.s?!42 -.oTa -ml .ma
-.055 -.696 1.lM 1.149 -.064 -.030 1.264 1.863 -.036 -.046 .36
-.033 -.OM l.lm 1.I.91 -.034 -.030 1.E61 1.661 ..odl -.046 .392
-.061 -.007 l.ms l.ms -.034 -.om 1.R92 law -.044 -.033 .509
-.086 -.086 1.m6 -.030 -.030 1.W8 -.0S6 -.067
-.om -.oa7 lam -.027 -.om l.sll -.029 -.070
-.OM -.0s5 l.sal -.027 -.0Z16 1.356 -.035 -.036
..024 -.049 l.ms -.OW -.04s 1.3s3 ..om -.009
.001 -.046 1.376 -.W1 -.M9 1.487 .m5 -.114
.006 -.045 1.U4 .mB ..M7 1.460 .018 -.1B6
.029 -.0S6 1.41Y7 .007 -.056 1.603 .013 -.lm.
.006 -.037 1.KM! -.066 1.636 .o10 -.109

-.oo1 -.030 1.643 Xl -.030 1.553 .m7
o

-.101
-.085 l.sca o -.0%6 1.579 .008 -.077

-.085 -.053 -.C%6 -.065 -.m4 -.106
1. W6 1.d17

-.ocm ..043 -.00U -.043 -,004 -.030
-.om -.043 -.m6 -.MS -.om -.056

(b) canoludti. Oiromferentlol dlstribut

I*- I Ouwr SbJ?l.u extmnsl I Onter Sbd.1. extmnal I outer shall, ate

n
00 VAN

o. eas
.a94

1.222
1.124
.699 -0.206
.519 -.Q.3
.366 -.083
.431 -ml
..451 -.806
.418 -.198
.754 -.l?a
.eJ4 -.146
.663 -.084
.40S -.oa
.346 -.062
.336 -.046
.dm ..037
.437 -.om
.77Q -.om
.966 .001

1.0Y3 .006
l.lld .012
1.036 .012
1.879 .O11
1.557 .007
1.374

1.430

)nOr.

Q I outer Shell, Oxt.9?aml t

o.md
.925

1.550
1.126

0.144 O.ma .900
●OR .Tlu .634
.040 .7a7 .4M

-.001 .wX3 .866
-.014. .947 .919
-.LW6 .9@J .944
-Oom .901 .973
-.037 1.OM l.ole
-.042 1.053 1.OIB?
-.046 1.116 l.lla
-.04S l.lm 1.160
-.062 l.lel 1.lS4
-.066 1.191
-.076 1.3M
-.087 1.844
-.zm 1.W6
..114 1.s66
-.197 l.r$a
-.l!m 1.44s
-.110 1.4m
-.104 1.684
-.079 1.544
-.106 :

1.563
-.W7
..W5

,ian H I
e loco B16” 934° d lst+ 21@ ~=o ~mo ~wo i?le$ 6340 a5#

Iwo
T@”

~o Q@

0.5 -0.105 -0.ca -0.026 0.030 -0.130 -0.103 -o.olil!-0.0= -@al 4.146 -O*OW -0.OU -o:g: -&L ~ ~: ::p&
,4.0 -.oT1 -.03a -.043 -o@ -.om -.oio -.046 -.033
83.0

-.ola -.040 -am -.lW
-.015 -.019 -.025 -.036 -.CU7 -.019 -.OW -.0S6 . -.069 -.043 -.044 -.060 -.oae -.04B -.044 ..060



-.

l!AB18v - KLTKSML MO IHT221AL FREWOE3 CO~IC~TS OF 242A +DCE RAN-JEI COBPIWRATIOS F02
FOOR A2- OF AFTACK AT F?@3-sEwM lACE ~ OF 1.79 WLT2 MOD2L ROT~ 18c#J

sta-
tion

,7’s4

Lnald

outer till

m-l ntei.-

(a) Lc+tl

Outer shell

ributiouor c*.

OUMF qlell

.,
hnter

L
Outer Ohdl

baq
!kuter
body

●nter
Imdytody

law

0.431

1:%
1.806
1.141
l.ml
;.05:
.

1.L26
1.129
1.126
1.143
1.1E2
1.198
1.%23
1.228
1.2s3
1,.236
1.269
1.3M
1.3a.5
1.424
1.475
1.3L6
1.35!4
1.570

1.as

,entii

@

lter-
lal

.13w

I

External lIntOr. i?xtmnal lInter-

1
2m5ernal

w

0.103
.03s
.016

-.011
-.051
..03a
-.036
-.030
-.C425
..o12
-.014
-.02.2
-.0J4
.007
.W6
-.004
-.013
.010
.013
.010
.021

.:%0

-.m6
..013

T-9(F Mm 00

T
WY w*

-1.5
-1.0
-0.6
,0
0.3
1.0
1.5
2.0
2.5
8.0
4.0
6.0
6.0
7.0
8.0
9.0
10.0
LL.o
12?.0
14.0
16.0
18.0
al.o
24.0
27.0
S1.o
35.0
S7.O
&o.o
g=@

lW

o.431
.ma

1.W7
1.177
1.W6
.922
.9h9
.97s

1.016
1.013
1.OW
1.026
1.057
1.W2
1.144
1.149
1.140
1+lW
1.’SW
lam
1.340
1.264
1.444
1.4s2
1.6W
1.253

1.629,

Lw

0.078
.02a
.006

..o16
-.037
-.04s
-.,03a
-.032
-.C27
-.oal
-.015
‘-.014
-.CW3
.006
.m6

-.006
-.014
.010
.OH
.010
.ml

.X%

-.m8
-.0L2

900

.&ml
-.077
-.052
..077
-.W4
-.075
-.om
-.051

lSLP

o.7@J
1.8s7
1.320
1.34s
1.562
1.341
1.320
1.402
1.433
1.496
1.432
1.44E
1.433
1.463
1.474
1.477
1.477
1.46a
1.494
1.6L9
1.643
1.662
1.590
l.a O
l.me
1.(M7

1.e86

3.023 1’.m
.022 1.42
.013 1.14
-.022
-.030 1.07(
-.o.m 1.4T
..,036 1.0s/
-.OW .974
-.023 1.47(
-.01?
-.013 1.31:
..007
..006
3

0.I.35 1.s7s
.04 1.221
.023 1.06(

-.013
-.0s5 .924
-.034 1.449
-.033 .9ac
-.026 .69(
-.023 1.471
-.OI.6
-.ms 1.24E
-.m6
-.m5
-kml
.011
.011

-ma
-.m6
.ms
.ml

o.m7

-.OI.2
-.023

0.0L2 1.426
-.014 1.484
-.016 J.auo
..~3 :
-.046 1.222
-.062 1.621
-.046 1.194
-.036 l.loa
..030 1.494
-.024
-.019 1.4U
-.011
-.005
.003 \
.iXm

L.66c
L. 360
L.4.55

1.374
L.W2

1.3s2
L. SW
1.31J
L.E6e
1.6%
1.326
1.24$

-.040
-.0s
-.067
-.06s
-.045
-.034 -.0=

-.LW?2
-.ola
-.011
-.Lxm
-.004
.m2

-.026
-owl
-.019
..010
.ma
.m2

-.00-7
-.016
.mo
.Ooa

-:%!
o
-.019

-.011
-.014

I.mtrr

out’

.013

-:%
-.007
.m3
1

.:=

..024

.005
-.o11
-.008
.Oo1 :

-ma i

.Oo1

.001 p
-.026

-iml
-.016
-.C$$
-ma
-.a13
...001
0
-.026

..o16
*

.CQ2

.m2
-.025

1,

a--
[b) Oirc~

sta- Outer Skll, mtemal I OutiFnholl, rxtt

3El---
shell, external i outer shell, external E!

a+ lW Z@ w’ ~@ 3@ 640 720

0.5 : 1*O 0.3.: W16 , 0.114 ! 0.072 0.W4 0.0L36! 0.0S4

14.0 .010 -.(MB -.010
43.0

-.005: .010
-.011 -.010 -.o11 I -.0),3 -.o11 -.009 -.~ t -.012

II
MO 3~0 *O 720 l~o 360 640 Vao

0.012 0.o17 0.021 0.019 -o.m6 -0.077 -o
-.o11

.067 -0.074
-.013 -.m .204 -.015 -.018 -.014 -.W1

-.018 -.o11 -.OI.2 -.014 -.013 -.01s -.014 -.0L4

. Smz



* 2035 “

sta-
tion

—
)+

.1s5

.1.0

.0.5
0
0.5
1.0
1.5
2.0
“!4.5
3.0
4.0
5.0
6.0
7.0
B.o
9.0
.0.0
L1.o
ii?.o
.4.0
.6.0
A!. o”
!1.0
!4.0
17.0
u.o
$6.0
57.0
10.0
15.0

—

TA2MV - 2X~ ~ ~U ~s- COWICIENTS OF HMA 2-IHC2 IMH-m C02FIOU2ATI02 FOR

FOOR AEME2 OF ATTA02 AT F2E2-S_ HAC3 2UU2E2 OF 1.79 mm U4)!4L ROTAT30 lE@ - Continum

@

1.m4
.1s6
.094
.056
.03a
.016
.OI.2
.015
.o12
.01s
.016
.014
.020
.C$?4
.031
.019
.004
.011
.031
.019
.027

.:F7

,.036
,.o11

1.224
1. Eol

0.107 1.006 1.164
.040 l.wl 1.036
.ms 1.244 1.041

-.016 1.864 1.066
-.025 .8X? 1.m4
..0s3 1.446 1.074
-.oal .m2 1.0s?
-.W8 .241. 1.0=
..034 l.ml 1.(X+?
-.M.9 1.834 1.I.W
..01s 1.024 1.139
-.003 lam l.ua
-.m6 1.040
..002 1.026
.W1 1.142

0 1.242
..017 1.s16
-.017 l.an
..006 1.445
-.m 1.302
-.WT 1.340
-.004 1.565
-.031

1. Sm
..021
..ale

(a) Continued. Mngitudinxl distr$butlon or OD

@

0.174
.101
.oe4
.04e
.012
.008
.a)7

:%?
.Om
.mo
,010
.ms
.mn
.Om
.016
boa
●oo
.Ola
.017
.lm7
.0R3

-.017

-.m7 I
-.o12

1.223
1.244

0.059 1.15? 1.219
,013 Lam 1.146
.00s 1.s22 1.16s

-.029 1.7el l.lea
-.036 .993 1.W?
..049 1.4s5 1.2m
-.040 .964 1.195
-.034 .Q134 1.2m
-.050 1.361 1.811
-.022 1.726 1.225
-.o14 1.164 1,239
..007 1.755 1.2M
-.002 1.129
-.004 1.199
-.mz 1.237
-ma 1.a14
-.olsl 1.s75
..019 1.421
-.m7 1.4S5
-.om 1.634
-.002 1.566
-.m6 1.594
-.021

la”
-.0%4
-.019

(b) Oantinmd. Cl

Wa- I Outer shall, .xbernal I 0.0., shall, axtmmxl
ml I
14 180 3S0 640 720 leo so MO ~o

0.5 0::% o:% 0.164 0 .14B 0.177 O.lal 0.164 O.om
,4.0 .m8 .ma .010 .003 -ml
t3.o

.m6
-.om -.OLW -.014 -.019 -.om’ -.011 ..016 -..019

Outer ahdl

=i=liz
0.072 .0.053 1.,29:
.049 -.IX6 1.4U
.029 -.038 1.5U
.016 -.062 1.’KX

-.m3 -.063 l.mE
-.00(3 -.oea l.tw
-.om -.06s l.lm
-.001 ..04s 1.151
-.OM -.033 l.aec
.ml -.026 1.7X
.004 -.010 Law
.m6 -.M2 1.70:
.ml -.01*
.016 -.OCC.
.a?s -.om
.m4 -.026

-.mll -ml
.m7 ..020
.Olfl -.om
.015 -.000
.m4 -.007
.007 -.006

-.018 ..031

-.006 -.om
-.011 ..010

mfamntial diatrl~

-
hnter

leoo

0.410
1.809
1.245
1.26?S
1.334
1.a12
1.341
1.s6s
Lam
1.Sas
1.s7s
1.520
1.3ss
1.328
1.329
1.677
1.662
l.wa
1,?aS
1.4al
1.47B
1.W5
1.552
1.390
1.61a
l.ms

1.em

lon of

Outer 6hell, external

OUW chell

Bxternxl Inter.

IF 90’J lW

0,018 -o.0ss 1.3S
.0U2 -.OTI 1.4M
.015 -.06$? 1.KIE
.0Q3 -.077 lest

-.014 -.073 low
-.ols -.0%’3 1.5U
..014 -.0%? 1.W4
-c@ -.046 1.244
-.006 -.0s6 1.4C4
-ma -.029 1.70?
.ml -ma 1.4fn
.00s -.016 l.ew
.006 -.016
.o14 -.018
.02s -ma
.011 -me

..ms -.*4
.006 -.mo
.015 -.@Xl
.014 -.o11
.00s -.om
.m6 -.QW

-.018 -.0s2

:@llter
body

law

O.eao
1.2U7
1.a70
1.ss3

::%
1.411
1.433
1.461
1.4s1
1.448
1.448
1.449
1.450
1.430
1.43e
1.42d
1.424
1.440
1.477
l.all
1.568
1.57?3
l.all
1.6S5
l.wa

1.FX!3

:.

Outer almll, oxtm.nnl



.—

TA8.U V - KC78UAL MCI l14~AL PEE22U6E cOEFFIC~S OF 2A2A 6-~CE RU—JliT CC8FIOCFLMICW FOR

FOCR AECU2 OF A’IY!ACKAT FHIX-2’TRE4H XACE ~ OF 1.72 WI’7!2EOOEL EoT4~ 18LW - Concludod

‘--ww’-
.
8tu-
tion

0+

-1.5
-1.0
-0.6
0
0.5
1.0
1.5
4!.0
2.5
S.o
4.0
6.0
6.0
7.0
8.0
9.0
10.0
11.o
12.0
.14.o
16.0
loo
21.0
24.0
27.0
S1.o
65.0
S7. O.
40.0
45.0

(a) 00M1uded. Lmgitu@ distribution or ~.

:4at4r
body

cuterah

External nter-
nal

ii&-

0.6C7
1.5W
l.aa

l%
.als
.81s

1.884
1.808
1.023
1.837

outer she

rxternal

1

hlter-
&

1800

1.CW
1.s77
l.aal
l.sm
.742

1.440
.’747
.87S

1.27a
1.W3C
l.lae
1.507

:em er
Ix@

Cnt-sr 6he

External A
1> center

body

lnter-

MY 10Ww

0.227
,2X4
.177
.126
.Oab
.077
.067
.020.
.066
:g

:&6

,%
.060
.082
.C$31
.036

:%
.021

-.W6

.006
-.OLU

w

O.sa
.W2
.167
.las
.~E
.074
.084
.026
.054
.050
.048
.MS
.060
.02s

:%
.021
.021
.0S6
.025
.020

-:&%

-:%

!d. U

w

0.487
.Zm8
.285
.25a
.I.w

..lsa
.146.
.154
.la4
.115
.107
.08a
.101
.105
.105
.106
.067
.070
.078
.074
.050

:&

.027

.Ola

Of c

em

O.lco
.C41
.cm

-.011
..oal
-.0s2
-.0%?
-.OZO
-.wl
-.ces
-.022
-.ms
-.CW
-.0+45
-.027
-.oaa
-.047
-.048
-.022
-.064
-.066
-.022
4352

-.040
-.OU

low

0.604
.411

1.106
1.210
1.s14
1.11’7
l.clw
1.084
1.104
1.C%9
1.043
1.047
1.054
l.cao
1.110
1.067

:%
1.068
l.lal
1.270
1.a47
1.4s6
1.500
1.640
1.562

l.ma

) COnol

goo

0.07s
.025
.018

-.ola
-.026
-.0s6
-.028
-.055
-ma
-.M.5
-.025
-.02s
-.028
-.025
-.026
-.020
-.W8
-.W9
-.05s
-.066
-.052
-.027
-.064

-.oA6
-.045

Iw

o.4!08
.806

l.lal
1.Q6C
1.272
1.21.8
1.214
1.21B
I.am
1.217
l.lac
l.lac
1.195
l.aos
1.ao7
1.le4
1.026
l.loa
l.lsl
1.860
1.668
1.37
1.475
1.664
1..567
1.52s

900

0.158
.070
.044

-.W1
-.ola
-.028
-.OM
-.062
-.osa
-.04s
-.048
-.061
-.oeo
-.066
-.077
-.oal
-.11o
-.U8
-.l.m
-.lW
-.1OA
-.W6
-.lm

..1o1
-.CC6

,.

I 1.644

I
1. dla

1. atiercatial dj

5ta- Cuter Shell, ex$enaal outer shell, *rnal

tbn 1
Cw

e+ 160 ~o 640 ,*O 160 ~o &o 7s0 ~~o MO MO no

0.6 0.540 0.505 0.254 0.15s O.wa 0.242 0.240 O.lEQ
14.0

0.477
-.W5

0.425 0.260
-.W6

0.W4

4s.0 :% -:Z .:%%
.04s .066

-.wa -:%. -:%? -:%6
.014

-.042
-.02V

.014 -.Cl? -.o66 -.0C4

trim:

w Sim.11> axt-

, >W6 ..



. 2035 , ,IP

+%

IMer shell

mental Inn

*14@ 27@fP

‘1.5
‘1.0
4.6
0

6.5 0.144 -&ml 1.*
1.0 .Oal 1.161
1.s .0S43 1.CZK
2.0 .Om .M6 1.IXX
13.6 .W6 -:;g 1o11
b.o -.W’/ .96(
4.0 ..010 -.OM .ea
6.0 -.aoa -.01s .7s
&o -.007 -ma .ew
7.0 -.W6 -.W7 .Lm
8.0 -.004 -Sow .W1
9.0 -.005 -.00s .al
0.0 -.aos -.008
1.0 .ml -.W5
a.o .00s -.wa
4.0 .Ws .W1
6.0 ●W6 .Oos
8.0 .010 .W5
1.0 .o14 .007
4.0 .017 .016
7.0 ..W’?
Lo .W4 -:$X
6.0 -.om -.0s4
V.o
0.0 -.ola -.086
6.0 -.o11 -.W5

:mt.sr
belly

IN
0.404
.479
.’nb

l.a’al
1.lMI
.646
.876
.aaa
.we
mea
.860
.74a
.eJe
.Ear
.476
.4W
.741
.577
.471

:a%
.044

1.086
l.lm
l.asv
1.SW

1.400

mltarShell

mterml

T
M@ W@’

O.lm -o.wa
.W’f .Ow
.am .Om
.Ow .011

-.001 .169
..ma -.015
-.015 -.017
-.Ola -.016
-.010 -.ola
-.007 -.OW
-.OW -.000
-.OW -.006
-.006 -.006
-.00s -.005
-.LW3 -.00S
.001 .W1
.Oos .00s
.all .004
.014 .W7
.014 .016

-.W7 .006
.006 -.017

-.o11 -.Owl

nter-

M1

L@

1.SU
1.WI
l.mf
l.llx
l.ltx
1.14C
l.llz
l.l!w
1.I.5(
l.l!w
law
l.asc

●ntap
b43dJ

N
0.406

:%
1.334
l.laa
.9m

1.010
l.om
l.laa
l.lla
1.lW
L.lsl
1.166
l.laa
l.ado
l.asa
law
1.M4
1.W4
1.36a
1.414
1.45a
1.51a
1.663
1.63.4
1.6s4

1.ms

Ontar Shall

mm (

la@

O.lla
Sll&

.OI.4
-.ocm
-.ola
-ma
-.a16
-.o14
-.o1o
-.OIS
-.mo
-.wa
-.W7
-.U?S
-.m
.Oos
.010
.m4
.017

-.OW
.006

..W6

..:%0

Strih

!ml

a7@

-0.O.U
.05(
.OM

o
.Ill

-.01$
-.WI
-.OM
-.01(
-.01?
-.01(
-.WI
-.00I
-.CW
-.007
0
.00:
.00(
.016
.WE
.Cw

-.OIG
.0s4

-.c%f
-.oal

Snrl a

nt em.
nal

@

l.wa
1.s44
l.sal
1.aa7
1.=4
1.a78
1.WC3
1.a7a
1.aa6
l.slo
z.saa
1.3sa

M

-F-
0.4W

1:%
1.55s
l.aoa
l.loa
1.155
1.*
lam
1.a67
1.W5
l.ma
l.aas
1.SW
1.SW

1.346
1.373
1.43J
1.475
1.511
1.6&l
1.606
1.646
1.566

1.714

0ut8r ChaJ.

7+
EEt-ernal Inter-

la@a7@@

0.07 -o.asa 1.64(
-.001 -.007 1.60(
-.om -.007 1.4m
-.o16 -.OW 1.471
-.Oso .W1 1.4’n
-.osa -.oa6 1.4a
-.0s1 .03s 104M
-.(%26 -.OW 1.46!
-.oal -.0’26 J.471
-.ole .Oao 1.461
-.OSO .Oaa 1.4al
-.o1o -.ols I..su
-.o11 -.011
-.006 -.cm
-.WS -.wa
-.Ws -.004
-.ml -.004
.ms ..om
.WQ .Wv3
.013 .ma

-.caa
.Ow

,031
-.aao

-.CC20 -.0s4

1
@

O*UO
.97a

1.466
1.U4
1.s7s
1.WI
1.374
1.41a
1.463
1.4Ea
1.4s4
1.4*
1.47a
1.4416
1.497

1.614
1,6W
1.661
1.5a7
1.Sll
1.M6
1.577
1.704
l.’?al

1.749

(b) Oixotiorantial .

t4- altem mheU, exteml out-r shell, external Outer chell$ external Outer shell, urtemml

+ laafJ U6Q W@ W@ 1* al~ a340 a6@ 1900 al@ 0340 a~o 19a0 al@ as40 a~

0.6 0.200 o.aos o.lW 0.197 0.176 o.17a a.17a O.lva
4.0 .00s

O.laa o.la7 o.laa o.ua
.Om .Lwl .ml -.001 -.wa -.OW ..001

0.ola o.o14 o.ola O.ow

3.0
-.004 ..005 ..!M5 ..ms -.003

-.011 -.OW -*O’U -.ola -.o1o - .oc@
-.005

-.010 -ml -.009 -.007 -.010 -.010
-.C05 -.005

-.OIJ. - .Wa -.011 -.ola



TA2LS VI - HT2SHAL ASO ISTRRHAL FB2ssORE C02FT’ICIEIITS OF SACA 6- ISL!S RAS-Ji?T COHFIQ02MIOS - N

FOR FOOR ASWJ?.5 OF ATTACK AT FRRS-S?FLEAM MACH HOHS2R OF 1.99 - Contlnuad
-.

=!!=

;ta-
;Ion

a = @; ~~% = o.8m,
I

a ‘ .s0; ~/~ = 0.837 ‘a = 9“8 ~mo = o.7’60
I

a = lP; m~mo = #.855

1“
(m) C.nttiued. Lon@hWnal diatritution .f <.

outer hell Centllr outer C.hall Cent or
tidy tmdy

mtmrnnl Inter- ktel.mll Inter-

T
I+ 18&

.1.5

.1.0

.0.5
0
0.5 0.004

I
1.0
1.5
8.0
2.5
S.o
4.0
6.0
6.0
7.0
8.0
9.0
.0.0
.1.0
S.o
.4.0
.6.0
.E!.o
!1.o
!4.0
:7.0
)1.0
$5.0
)?.0
w. o
L3.O

.am

.034
-.025
-.044
-.030
-.060
-.044
-.03s
-.0s3
-.om
-.m!5
-.020
-.ols
-.o15
.ml
.&m
.011
.027
.0c9

-.OIZ
.W5

-.om

-.m
-.m13

nd ml
@@ Od 00 le@ P-@ @

0.420
.575
.s07

1.*7
0.003 l.lza 1.106 O.om -0.005 1.22B
.096 1.033 .749 .014 .0s4 1.16s
.062 .933 .631 -me .055 1.144
.018 .972 .92s -.017 .013 1.12!2
.199 .972 .289 -.048

-.009
.173 1.122

.960 .mu -.065 -.016 1.117
..011 .a49 .Ea5 -.052 -.016 1.111
..o11 .760 .764 -.048 ..016 1.156
..Cal .tla4 .6s9 -.044 -.016 1.167
-.m9 .ml .m4 -.036 -.014 l.slo
..W9 .62a .4s5 -.031 -.014 1.247
-.006 .6m .457 -.0$?s -.002 1.2E?
-.0C4 .ma -.W4 ..p
-.W4 .G20 -.022 -.039
-.m .440 -.o13 -.o11
..007 -.011
-.006 :8T0 :%% -.m
-.002 .9ss .011 -.007
“.mrl 1.U5 .U6 -:%6
.O1o 1.aJ2 .Caa

o 1.261 -.ols -.004
..024 1.3s3 .006 -.026
-.040 -.024 ..062

1.40s
-.0s4 -.011 -.0ss
-.032 -.o11 -.0=

@
0.47s
.569
.824

1.606
1.131
.826
.944

1.015
1.092
1.0s7
1.0s9
1.154
1.1.s5
1.215
1.249
1.262
1.s62
1.ss4
1.319
1.324
1.4X2
1.469
l.ble
1.W9
l.ml
1.627

b 525

%2
outer shell

mtornal Inter-

1s00 27@ @

0.064
-.003
-.017
-.0S6
-.W6
-.020
-.056
-.o.m
-.M4
-.039
-.08s
-.032

::%:

-.~6
-.W3
.ms
.m9
.024
.ms

-.01s

.:&o

-0.207

.069

.044

.a)7

.136
-.015
..03.6
-.017
-.016
-.015
-.o15
-.010
-we
-.00S
-.o11
-.010
-.W%
-.006
-.02s
.032

-.00s
-.026
-.040

1.34J6
1.961
1.253
1.2s4
1.2=
1.2s1
1.231
1.249
1.271
1.303
1.3se
1.337

SgL.&l_

alter
tidy

~

0.481
.669

1.163
1.325
1.176
1.OW
1.060
1.142
1.207
1.217
1.!226
1.249
1.273
1.2s2
1.X4
1.340
1.s40
1.5M
1.3SE
1.4U
1.462
1.516
1.561.
1.5s9
1.63S
1.652

1.710

(bJ Contiuned. ClrmuUer8nt401 diatrltutAm of ~.

outer UhOll

=

O.COb
-.036
-.OE-4
..073
-.W8
-.093
-.osa
-.078
..066
-.056
-.0%
-.@3
...019
-.012
..m7

+

m’tal.nal lnter-

2700 Od

.ilos
.C06
.021
.021

.:%

.:%

-.(Y36
-.006

0.007 1.147
.102 .947
.067 .826
.023 .677
.20s .704

-.006 .s21
-.012 .853
..013 .771
-.017 .705
-.016 .667
-.016 .6$?9
-.017 .647
-.024
-.026
-.0s1
-.033
-.0s4
-.033
-.0s2
-.021
-.0+?6
-.OEJJ
-.024

1
mt er
L’dy

00

D.55S
.676
.927

1.227
1.066
.671
.634
.SQ3
.586
.985
.832
.752
.ss4
.593
.494
.666
.776
.m3
.461
.324
.865
.97s

1.104
1.192
1.969
1.321

1.393

)ta- Out.er mhell, external

1

Cuter droll, exmrml Cuter shell, external Outer shell, external
;ldn ~

)+ 19@ 21P Z340 2354 lsso 21@ 23’3 I 25f+ lSIY sleP g-o *=O 19@ 21@ 2340 2620

0.6 0.105 0.I.22 O.lu 0.169 O.m 0.094 0.116 / 0.141 0.042 0.060 o.cs3 0.107
.4.0 ..002 -.W6 ..C477 -.W6 -.W3

0.010 0.045 0.0s3 0.142
-.OW -m, -.007 -.005 -.o1o

i3.o -.002
-.011 -.ms -.207 -.a?o -.om -.067 E-.o11 -.013 -.015 -.013 -.OI.4 -.016 -.022 -.009 -.OU -.01s -.017 -.ols -.017 -.pss -.034

~

. .
..,. ., ,

. .
c-cf77



‘ 2M5 ””,,

m2Lavl- ~~ m m~~ P6E3SUIW oomIcI~s OF UACA e-~CE RAM-JET C031FIOU2ATIOIJ
~ FOU2 A310w OF AmA03 AT FREE-s’M!4.4HMACE ~ 0? 1.99 - Cmalmkd

I (a) conolnded. Longitudinal diatrlbution of Cm.

I External InteP-

1

Eztem41 InteF- 1 MOlmalIntur-
Y7@lf Yl@ 16c’127@l@lo9 16@127@lc@‘+ WY

1.s
1.0
0.5
0
0.5 -0.CB?6
1.0 -.055
1.6 -.064
8.0 -.078
2.6 -.023
3.0 -.020
4.0 -.043
5.0 -.oal
8.0 -.070
7.0 -.064
8.0 -.056
9.0 -.034
0.0 -.W4
1.0 -.017
‘2,0 -.012
4.0 -.026
6.0 . .Ow
8,0 .m
1.0 .019
4.0 .ma
7.0 -.013
1.0 .033
5.0 -.022
7.0
0.0 -,C06
5.0 -.00s

5

enter
bay

C@

0, .m6
.748

1.1*
1.190
.96+2
● 670
.42a
.472
.463
.422
.866
.820
.ml
.620
.514
,241
.725
.606
.437
.33.1
.s54
.954

1.02s
1.160
l.aszi
L.302

1.3m

outer shell

0.360 0.556
.mo .674
.923 1.WIL

1.a67 1.281
G.m 1.513 1.076 .0.05s -0.033 1. 54a l.laa -0.103 0.011 l.oaa
.291 1.054 .720 -.074 .072 1.809 .909 -.116 .111 .850
.Olm 1.076 .646 -.079 .049 1.216 1.043 -.119
.017 1.080 .867 -.cea

.076 .72a
.023 l.al.l -.’J.29 .020 .Sea

.162 1.0!37 1.067 -.102 .140 l.aza ;:%5 -.166 .233 .m7
-.o11 1.104 1.065 -.104 -.016 1.W6 1.a14 -.13T -.000 .51s
-.01s 1.112 1.1CB3 -.m7 -.020 1.240 1.8s5 -.122 -.o11 .806
-.017 1.145 1.146 -.m4 -.020 1.2,66 lam -.11o -.019 .206
-.ola l.ma 1.180 -.076 ..022 1.204 1.a96 -.696 -.025 .TM
-.020 1.227 1.224 -on -.W6 1.539 1.2$26 -.058 -.060 .656
-.020 I.afi 1.a70 ..04s -.020 1.357 1.350 -.043 -.036 1.W2
-.020 1.2S6 1.2a6 -.030 ..oac 1.374 1.376 -.037 -.042
-.025 1.293

.751
-.027 -.029 1.s36

-.028
-.W4 -.051

1.314 -.020 -.050 1.4CXI -.013 -.034
-.033 1.=6 -.016 ..064 1.4a3 -.W’7
-.067

-.042
1.404 -.006 -.037 1.46a .Lw -.07s

-.037 1.442 0 -.039 1.506 .MT -ma
-.037 1.483 .cn7 -.037 1.536 .022 -.065
-.035 1.623 .018 -.066 l.sm
-.024

.012 -.094
1.566 0 -.c@5

-.oaa
1.s9’7 .ml -.W4

1.322 ..o13 -.oaa 1.W6
-.051

-.002
1.609

-.a30
.003 -.056 1.*

-.065
.010 -.oea

-.om -.066
1.666

-.019 -.123
l.em

-.om -.026 -.om
-.066

-.C02 -.098
-.om ..om -.000 -.0U7 I

(b ) Cc.nolod@d. Okurafmential distribution ( .

outer shall, axtal.ml I Outer shell, extemml
I %-

Outer #hell, external

+

axtumiil.Intern

16@ W@ 00

-o.laa
-.145
-.143
-.146
-.167
-.133
-.136
-.124
-.083
-.067
-.05)
-.039
-.026
-.015
-.wa
.001
.00’?
.024
.Ow
.001

-:%

-.020

Ski&l

0.008

.107

.070

.025

-:~6
-.013
-.020
-ma
-.034
-.03+?
-.047
-.057
-.063
-.”072
-.061
-.093
-.oa9
-.110
-.114
-.102
-.111
-.137

1.491
.Ba
.8G
.964

1.OIJ
1.041
l.oaE
1.14E

::E
1.56(
1..Wt

outer#hell,

:mt m

bod~

lw
0.274
.201

l.lw
1.199
.0Q7
.66s
.46L
.920
.967

1.CX33
1.062
1.146
1.169
1.236
1.263
1.304
1.s23
1.342
1.s67
1.415
1.454
1.483
1.521
lob6a
1.57s
1.384

1.643

extmlul
-. #
+ U@ 21@ 2s40 25P 1980 81@ 2640 a5@ ~~o 21EP 2340 252’3 192’3 alti ~~o X@

0.5 ..0,013 0.015 O.ow 0.113 -0.04B -0.019 0.006 0.076 -0.U16 -0.032 0.053 0.115
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(a) Free-stream Mach number, 1.59.
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Figure 27. - Variation of total-pressure recovery and combustion-
chamber Mach number with mass-flow rat$o at four angles of
attack for three free-stream Mach numbers.
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